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■..MSASSilEI.iENT OF VISIBILITY FHOti THE PILOT ' S - COCKPIT 
ON DIPPEREiTT AIRPLANE TYPES*- 
- -'v. By Gerhard Kurz • ^ 



I. Purpose of .the Investigation 



Among the numerous fields of postwar airplane con- 
struction in which a more thorough development is being 
undertaken, there remains an important field concerning 
practical flight. This field is the investigation of the 
pilot's view from the airplane and its numerical determi- 
nation and representation, which has heen almost over- 
looked up **to the present time, G-ood visibility, however, 
is one of the main requirements for safe flying. 

On an airplane, in which motion is possible in three 
dimensions, the pilot must have an unobstructed view in 
the direction of "flight, as also in any other direction to 
which he might change the flight path. An airplane pilot 
requires therefore not only vi sibility forward . and later- 
ally, like the driver of a land vehicle but,, since a change 
in the flight path i s possible for him in any direction, he 
also reo^uires the greatest possible forward range of vis- 
• ioh both upward and downward. Of course, the visibility 
reqtiiremen't s differ according, to the different uses of the 
airplanes. The visibility requirements would therefore be 
different for a transport airplane than for an airplane 
used 'in stunt flying.' In the case of a photographic air- 
plane, f^he pilot requires, above all, vertical visibility 
downward, so that he can keep in view the portion of the 
landscape to be photographed, until the instant of flying 
over it, 

' On acco'ant of these various requirements of visibil- 
ity, it is desirable for one who attempts to obtain numer- 



♦"ilessung der Sicht vom^^Fuhr er si t z verschiedener Flugzeug- 
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ical data, to know to what dogrGO and in what direction 
visibility is necessary for a sivori purpose. 

At" tho present " time , the predetermination of visibil- 
ity in new construction is largely guesswork "based on the 
results of experiments with previously "built airplanes, 
and on the use of mock-ups. It often happens that the vis- 
ibility is neglected for the saie of other structural ad- 
vantages, without this error being discovered by practical 
flight tests. It is also evident that, with such a haphaz** 
ard method, the views on the excellence of the visibility 
ma:' differ greatly even among specialists. For all these 
reasons, it seeas opportune, to determine the visibility on 
airplanes in as . simple and exact a. manner as possible. 

II . Purpose 

The purpose of this problem is to develop raethods 
and apparatus for the moasuroment of visibility and to in- 
vostif/ato the possibility of the roprosontation . and numer- 
ical determination of visibility. 

Tho methods, as well as the apparatus required for the 
moasurouiont s, shoxild l:o as simple as possible to use and 
should onabio the ropresontatipn of the" vi sibili ty without 
much' computation. The determination of . the visibility, by 
means of the apparatus, must be possible on existing air- 
planes, as. well as on mack-ups. . The. .representation of the 
test results should be easily understandable. Purthormore, 
it should be possible for the purchaser of an airplane to 
express his particular desires regarding . vi sibili ty with 
sufficient accparacy by moans of charts a.nd numerical val- 
ues. On the othor.hand, tho manufacturer should bo given 
tho noans of . representing. the visibility in a simplified 
manner by means of charts or numerical data. 

Tho utility of the dovolopod methods and apparatus 
had to bo.tcstod by visibility moasuromonts on different 
typos of airplanes. Ivioreovcr, the minimum requirements 
for visibility, as well as tho judgment of tho cxcollcnco 
of tho visibility, had- to be established' by comparison of 
tho experimental results with practical flight tosts. 
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III. PrinciiDld of' tho MothoxL-- ' 

• * *• . ' .' • ; ■ -• " . . •. • . ■ ■ • ■ * 

In order to' develop ■ a mothdd ' for rthe measuromo^^ of 
visibility, itisfirst - nocossaty to 'ozplaia..-t>xo cpncept. 
of "visitiili ty'i " Vl-slpili ty , " with respect to. any object, 
sigriif ios very gonoraily ' tho ability, to-- see -thi s object 
from^ a ;given yibwpointV Txio object nay. be i jnoTO or.loss-: 
. concealed; by opaque' bb'stru'ct ions between the. o,b server and 
the observed object ,vi«e« . "visibility'* witji. respect 

to the/object is more- or less good,. In order -to ascertp,in 
the "visibility" from- the pilot-' s cockpit of; an. airplane:, 
wo must determine to what degree the pilot 'i.s. prevented by 
part.s,. .pf ,^the. airplarie from recognizing external objects. 
It ijs.. nbccssary to dbtorraino* the limits, ofr. the .pilot's 
fio'lii. of visi.on due* to the opaque parts of .the. airplane*. 

Tho eye of the pilot is assumed to* bo *'ho canter of. a 
sphere of any convenient radius. The boundary .lines of the 
fioid .of vision, are plotted on tho surface of this ..sphere . 
(Fig. 1.) If the portions of tho surface of the • sphere . 
which reprosont the field -of tho obstructed 'view are (^ar;k- 
ened or hatched to differentiate them f rem t.ho .field . of- . 
unobstructed view, a diagram of the vi siblli ty i S; obtained. 
Purthormoro, if the surface of tho sphere is provided with 
degree linos similar to the cartographic ropr o sentation ; of 
the earth's surface, a numerical representation cof the • 
boundaries of vision is obtained. The angles are reforrod 
to a horizontal plane and to a plane .perpondi cular to. it, 
both planes being parallel' to the flight .path. ^ Since,-, at 
first, only the visibility in that half .of, the. sphere ly- 
ing in the direction of flight was .to. bo., in.rostigat ed, the 
lines of intersection of the refcron.co: piano s with the .. 
surface of* the sphere were used as- .the: coordinate axes and 
their, point of intersection served as. the origin. . 

It is possible to determine the total visibility from 
a point in all directions by this method of angular' meas- 
urement. The present investigation .of .the visibility was 
limited, however, to that half of . the • sphere of visibili- 
ty lyin^i in front of the airplane*, ,l..eo , the "field o.f 
visibility" was limited by a pla,ne passing through the eye 
of the pilot at right angles to the flight path and to the 
horizon." The field of visibility behind .. thi s .plane was 
not investigated because, owing to ..the forward mo tion.. of 
the airplane, everything lying behind this plane had been 
already . fl own over and therofore no longer prespntod a 
source of danger. In spite of thi s. fact ,.■ the visibility 
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in that region can also, "be of spm^ importance to the pilot, 
although to a lesser degree. ' > 

Thxis far the visihility from a point has been dis- 
cussedt-. Actually, how.ev>r/ the pilot has" views from two 
•points, owing, .to '.the distance ])e his eyes. It i^s . 

therefore :nece.ss.ary for the visihiiity to -be- ineasured from 
these two points separately, in order to obtain the com- 
plete chart of the' field of visibi-lity by plotting one over 
the- other,. • Approximate .measurement s , however, can be made 
■^Tith. sufficient acc^lracy from a 'srngle point mid^way between 
.the. eye?, of. the pilot,' wlii.ch is designated as -the "obser- 
V£&tipn. point . 

• The selection of the location for the observation 
point is difficult... The pilot can move his head • within • 
certain limits and thus change the observation point... 
Since complete. allowance for this movability is not possi- 
■ ble, it only remain.s". to Undertake the^ measurement of the 
visibility from various points corresponding to the most 
important positionsV.of the pilot. Only tho se positions 
will. be considered which the pilot normally assumes., when 
flying cross-country in fair weather. He then sits In the 
airplane in the most restful position. This attitude, of 
the pilot will be .designated as the "position of rest." 
A second point corresponds to the position assumed by the 
pilot while, landing! or while flying cross-country in bad 
■weather, when he must see in the direction of* flight, 
/This point will be desi^gnated as the "landing position" 
.. of. the pilot. During the landing process the pilot looks 
to . the front and left and bends his head toward the. left. 
ThG . "observation point ". v/hi ch is thvis comfort ably at tained 
with the body firmly . strapped, in, was found on the basis 
of numerous experiments, to be about 17 era (S;7 in.) to. 
the left .01 the point marked "position of rest." The vis- 
ibility was measured from these two points on all the air- 
. planes. • 

The attitude of ,the airplane i s also of importance in 
the ii^.casuring process,. The method of representation- is 
chosen in such a manner that the hor i sent al axi s of the 
system cprresponds' to* the actual, horizon. The position of 
the airplane with respect to the horizon- must therefore be 
established. The- most , import aiit position t'o: be considered 
Is. that of .horizontal ..rectilinear flight . • - 

The position .of tide airj)lane iii landing is also im- 
portant.. While, gliding toward the ground -'the pilot may 
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improve his view by slight changes in the attitude of the 
airplane. In leveling off, however the. airplane.\must re- 
gain its normal • attitude and sqiiar ely face the wind. Dur- 
ing the rest of thp.^descetit , ■ the' airplane ■ remains horizon- 
tal.- The "pilot. the?i improve s' hi s view . hy .lea,n his hea.d 
out,- He maintains thi s -.posit ion * of ' the. head, until -the * end 
of the landing proc.e s.s . Iii landing th.e. wheels and tail 
sitid usually* touch the .ground simul taneously,. The longi- 
tudinal iriclination of- the siirplanb gradually increases 
iDof ore" contact from the horizontal attitude to it's attitud 
when resting on ^ the ground. The' airplane turns- about its 
lateral- axis .sO:tl]Lat. the forward * port ions move upward' and 
obstruct • the downward viewi Since however ^ the- airplane 
still has a high speed at the instant of landing, 'and 
since good visibility is; of particular importance in the 
landing 'run on unfavorable ground, th.e latter position of 
the airplanq will be. chosen for judging the visibility 
while landing. All the airplane tj^pb.s were te.stod in this 
positipn.* ' 

The diff oronco between the two* positions of the air*- 
planbs' tested" was only in the longitudinal inclination* ' 
The measurement for one of the twq' positions could bo ro- 
.placod by calculation, A repeated measurement leads more 
quickly, however, to the goal than a point-by-point calcu-' 
lation^ which must be c-arriod through .with the aid of 
rather compiicat od- formulas. The most' important positions 
of an airplane for judging the visibility are therefore 
its position in space where the engine axis is horizontal, 
and the position which the- airplane' assumes at the instant 
of landing. The latter will be design^-ted as. .the . "ground 
position, " . . 

Two 'diff erent -.p.ositions of the pilot,, or of the "ob- " 
servation point ,were .chosen for each of. these two atti- 
tudes, one of which will" be desi'gn'ated as the "position 
of rest," and the other. .as the "landing po.siti.on," ?our 
different visibility charts are thorefpro required for 
each airplano, . . - ' 

IV, De.seripJioh. of Measuring Apparatus . 

1 . Thread angle-indica tor ' The first-developed meas- 
uring device (fig, 2) is designated as a " thread -.a-ngle.- 
indicator," A plate with-deg-ree -divisions whose mid-point 
is the ."observation point" serves as the horizontal refer- 
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ence plane. Another plate, likewise divided into degrees, 
is arranged to turn atout an- axis passing througli tile -"ob- 
seryati on point " perpendicurar -to the if ir'st " plate** • At the 
bottom* of the ' 't-arn axis, therefore- at the "ohs'ervation 
point'," the; end of a thread is. fastened vrhich may be drawn 
toward tlie different points of the" airplane. The complete 
apparatus is mounted on a stand whose base plate may b^ 
clamped to the pilot » s seat The S'tand is extensible and 
is provided with universal joints 'at the * point"s^bf. attach- 
ment to the base plate and to the apparatus' I't self^ f or 
easier adjustment* Moreover, the apparatus may b^e turned 
horizontally on the stand, in order that it msty. bo placed 
paralldl to tho longitudinal axis of tho airplane. * 

The vi sibility mdasuroment s are thon made with thi s • 
^.ppdratus, after fastening tho 'base plato to the pilot ^s • 
seat , by bringing the starting point of tho • thread to: -tho 
chosen observation point; Then with the aid of a water 
lovol, the fdferencG plane" is made horiz'ontal and is rotat- 
ed in such a way that the zero direction of the angular - 
scale is parallel to the longitudinal axis of the airplane. 
The measurement s 'theri follow, in which- the thread is ap- 
plied point by point to the parts of the airplane limiting 
the view, so that the boundary lines of the field- of vis- 
ion may be determined. For reading . the angle , the verti- 
cal plate is turned until it- touches the. thread, .Then. tho 
vertical angle may' be read' directly and the horizontal • an- 
gle may be road from'tho scale on the bottom plate, . 

The measurements cannot be made "by* one person alone, 
because one person is required for stretching the thread 
and another for rea.ding the angl e s . ■ "Jur thermor e , a sag- 
ging of the thread was unavoidable when measuring distant 
points on the airplane (o,g., the wing tips), which affect- 
ed the accuracy of tho moasuromeht s'. No moasuremont of tho 
points seen by the pilot through transparent objects (for 
exajnple, the engine housing • seen through the windshield) 
was possible with this apiparatus. ' Lastly, this apparat'iis 
was only capsible of measuring the field of vision above' 
the horizon, and had to be inverted for the. rotatable an- 
gle scale to be road vertically downward in order to de- 
termine point s below . the horizon, 

2, B.earinj^ a n ^le-indicator The defects in the first 
apparatus were ..the cause of building ah apparatus desig- 
nated "bearing angle-indicator." (Fig.- 3.) It resembles 
a; . theodolite in. construction and operation. On a. horizon- 
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tal circular "base plate divided into degrees there is 
placed a second rotataole circular plate, on which a bear- 
ing pedestal is mounted for supporting a vertical semicir- 
cular plate arranged to turn about a horizontal axis. 
This vertical plate, is likewise divided* into degrees and 
is provided with the true bearing devic'e. This consists 
of cross hairs and a ho a,d mounted on the end of an out- 
rigger* The cross hairs, which .roprosont the "observation 
point," lie at the inter section of the oxtondod axes about 
which the ho.r i z ont al and ^.vor t i,ca.l plates may bo turned, so 
that tho position of tho . cross hairs is unchanged by tho 
rotation. i mirror is mounted on a univorsal joint behind 
tho cross hairs in order to. obtain the bearing of a de- 
sired point conveniently. This mirror has the advantage 
of not requiring tho eye. of tho "obsorvor to bo placed- bo- 
hind the apparatus in tho extension of the bearing direc- 
tion, which is inconvoniont and not always possible when 
taking a bearing. The stand used for tho first apparatus 
servos for mounting this apparatus on tho airplane. Only 
one person is required for its operation, and bearings of 
pa,rts of tho airplano lying in front of the windshield 
can be easily obtained. It is also possible, with the 
same position of the baso plate, to measure vertical an- 
gles below tho horizon to -58^, which has boon found to be 
ample. jAoroover, quicker work may be done with this ap- 
paratus, so that only about 3 hours wero required to meas- 
ure a field of vision, while 5 to 6 hours wore required 
for the first apparatus. Lastly, its compactness renders 
it easier to mount and operate. 

3. .Phot OCT aphic m easuring app aratus.- Since the meas- 
urement of fields of vision with apparatus of the 'de- 
scribed construction requires a relatively .large amount 
of time, and since taking exact bearings is a strain on 
the eyes, it was attempted to determine the field of vis- 
ion photographically. The difficulty of this method con- 
sists in trying to obtain sharp definition of parts of 
the air-olane far removed from the observation point, and 
as large a photographic angle as possible. A pinhole cam- 
era was therefore used. (Fig. 4.) This gave an optical 
angle of 150^ with a. plate 9 X 12 cm (3.54 X 4.72 in.), and 
a focal length of 18.5 mm (0.73 in.). Tho diameter .of tho 
hole was about 0.2 mm (0.008 in.) and gave a sufficiently 
sharp picture. Tho camera was mounted on tho previously 
described stand and wa.s provided with a water level. 

• Figure 5 shows a photograph of tho field of vision of 
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a Juni:ers ? 13 airplane.- The .expo sure for. this photograph 
•:W,as 30:Second.s, . The out-er portions of the picture are 
■■u:nd;eirjexp;osed,, due to the ;great di stance, frora the shutter. 
The ^outlines of the vi si on--limi t ins portions of the air- 
plane, nevertheless show with sufficient dl stdnctness* 

.. , A diagram corresponding to the degree divi sions- of 
the proposed sphere of vision was pl.ctted for interpreting 
the photograph, as shown in Figure 6 , Thi s .diagram in£(!y . oe 
.de.termined graphically as well as mathemat ical ly , if the 
di-stance of the . plat e • f row tha shutter, is- -known. . 

' • ■ ■ * . *• ' . . ■ ■• ■ . . ■ * . 

About an hour-is required for taking the. photograph 

and plotting, the -diagram. However-, still greater accu- 
racy a.n.d saying in time may he effected hy improving the 
.earner a • and the scale, ' 

v.. Description of the Methods of Representation 

. .Vi sihility may . he illustrated best by imagining a 
sphere of convenient diameter with the eye of the pilot a,t 
its center and with the visibility boundaries projected 
on the outer surface from tho obsorvati on point « This 
surfcice of 'the sphere : should bo r qprosqnt pd .in . a ^pl ane • 
The problem corresponds to the production, of maps of the 
oarth^s surface. The aim should bo clearness and. intelli- 
gibility even for nontechnical persoas. . Care. was taken 
not to represent as equal in silhou-ette all vision ob- 
struct ing . and . o-yerlapping parts. . They were, instead, 
separated from, one another by boundary' lines , so that th6 
different parts of the airplane could be recognized. More- 
over, v/indshields which, when made of cellon,^ are practi- 
cally opaque, were also treated as such in. the represen- 
tation. They were simply made somewhat lighter .than the 
remaining part s« ; ■ . 

Aside .from clearness, sufficient accuracy is required 
to make it possil)le. f or the p\irchaser of . an airplane to 
sketch on, the chart his wishes regarding- visibility with 
suffi-cient acc?aracy, to mal^e.them clee,r to the manufactur- 

,er.«. The* mantif acturer must likewise be able to . embody .the 
desired, vi sibility requirement s in a simple manner in his 
desigiiSi. : These requirements may be regarded, as fulfilled, 
if they can be read from the chart with an accuracy of 

..±.e.i.&^;, because any greater accuracy in- construction is 
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he.rdly possililo^ •Lastly, it' should be •possi'biD to dotor- 
mine tho visioility of difforont airplane typos from the 
cha.rts« Since only tho ratio of the unobstructed to the 
- 'OOEtructod portions -of" the surfo.co of tho sphoro enter in- 
to tiie question of tho visibility, a true piano chart of 
tho sr.rfa,co area of tho sphere must be required. 

A chart with rectangular ^ cobrdihatcs (fig, 7) was 
tried as tho simplest tindi This i^ called a "squa.re 
chart" in tho case of land maps« • An exact plotting of the 
points thereon is possible, because the divisions are 
equal iiV" every direction and intermodiate values may be 
easily csti'matcd- or measured. This representation yields 
a fairly accurate development of the surface of tho sphere 
in tho region of the horizon, while toward the top and 
bottoiti- there IS an over-increasing .distortion. This meth- 
od i s' therefdro'- very imperfect , 

In Figure 8 an attempt was made in order to increase 
the- eloarhbss- of the chattj- to empha-sizC' the portions laz- 
ing in the maiii dir octi oh- of ' vi si on by--mafcing the degree 
divisions according to a sine function,. This chart also 
yields no clea,r repr esenta.tion of the field of vision and 
therefore has no groat advantage over th-e first.' • 

The method of representation shown in Figure 9 ful- 
fills the requirement of • trtio surface area and is there- 
fore sui treble for an evaluation of the f*ield of vision. 
The horizon" of the proposed hemisphere of vision is here 
developed a.s in the first method of representation and \ 
yields uniform divisions. In order to obtain true surface 
..areas, = the' di-stance bbtweon the horizontal linos must be 
so chosen that the area-s between thorn equal the corre- 
sponding spherical zones. The method is likewise very 
siiaple, but' also yields no good representation. 

Representing the surface of the sphere a-s a circular 
area yields a more plastic picture. In Figure 10, the 
true azimuthal equatorial projection, like that- generally 
used in making land map's is used for the representation. 
Aside -jTrom its crearnes's, this method is" stiitable for the 
• representation cf fields . of vision, because of the true sur- 
face 8-reas • • • 

Another very clear* method of. representation is shown 
in Figure 11, The degree network of* the sphere of vis- 
ion is turned forward 90°, so that the.^pole lies in- the 
direction of the zero ray of vision. 
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VI;;.' Visibility Measurement s . on Airplanes' of • Different. .i.Types 

Vi sibility •.measurement s .ware conduct.e-d : on -ithe "f-oriow- 
ing airplanes:- ^ " ^ " : ' ' : x /" '■ ■ \ v . : 

1. Dornier Lierkur (fig* 12): an old high-wing trans- 
:> ■ ■ . "port -rfionoplane; pilot ' s coclrpit on the left side 

■ . ... under the. wing (not in tho plane ..of symmetry of. 
* ^the. airplane).* 

: 2. Junker-s r '13/:.(fig=, 13) : .low-^v/ing .transport, mono- : 
-v' pLaiie; pilot ' s -cockpit on the ."left : side (not in.. 
i.' -^'. '- the plane:, of . symmetry) :! 

• . • 3,. Junkers .W '33-: (fig.. =14^ low-wing freight monoplane; 

pilot's cockpit on:- the:l.ef t (not in tho plane of 
symmetry) • 

- 4*.HGinkel H.Di;44 .(fig, - 15) :: freight iDiplane ; pilot's 
cockpit on"..the- left hehind- the.; upper wing (not * 
: • . in the 'plane.'- of . symmetry) • 

5« Junkers A 35 (fig, . 1,6) :.' two-place , low-wing mono- 
plane; pilot's cockpit in. the pla,ne of 'symmetry. 

6. ; Albatross L 7=5. . (fig. 1.7) : sport, and training bi- 
. • " plane; "pilot^s cockpit, in. the plane of symmetry 
-under the trailing - edge- of 'the.- upper wing. 

■ 3g sides those airplanes,- the, ;fiold: of .vision of. an , 
au't-o mobile, a 1930 Opel. Cabriolet, with, a 4-cylinder 20 hp 
engine, was tested for' comparison. 

The lo<:ation o:f- the "observation point"- was de.termined, 
with the assistance of a trial device, for a person of me- 
dium height. 

Jacking up the airplane is not necessary for making , 
the measurements in- the flight position. It is only nec- 
essary to establish the angle of longitudinal inclination 
w3aich the airplane takes at rest, as -compared with its e-.t- 
titude in flight, 

A chart of the field of vision of an airplane in which 
the pilot «s cockpit is not on one side in. the plane of sym- 
metry, ca.n be made, for a movement of the head toward ei- 
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tlior side, witli the help of the four charts of the field 
of vision obtained according to p.art III,: without malcing 
a now inoa.suremGnt . (Thoroby the unobstructod aroas arc in- 
creased toward each side.* ' Thi^^ chart of the field of vis- 
ion is therefore a' combiiiation of two symmetrical halves 
of . vi sibili ty fioLds, of : w,i\ic.h the left corresponds to a 
motion of the head t oward. .1;hp;^ lef t*, and the right corre- 
sponds. t:0 ' a motion toward *tho.* right , )' it contains there-/, 
for.e two positions of .the head and therefo.ro ^shows the 
groat.es.t attainable improvomont in the.- visibility', . In the., 
case* o.f a,irplanes . wi th the pilo.t Vs pp.ckpit. located on one 
sidp,. charts ^of the. field of vi.si on' wore di spo.nse.d. with, ; . 
boc.oAiso. no. e.ssontial inpr'ovomqnt in yis'ibili.ty for the p'ir. 
lot. is possible by. moving his hpadj. toward .the. oppb'si.tp • 

Si.dC». ...... • . .. . . • 

Tlio . clip-r.t s of the fields of • vision of the., six o.ir- ,. • 
plaacs tested* ar.o represented in .the doscri.T^cd manner in 
?igv,res 1-lB to. 5.3, * • The simple . quadratic., method was -.used i.n 
the r epre sentat ion. because, of its. clearness. In. order to ■ 
obtain a .criterion for judging theVvi sibili ty while ..land-. 
ing, it w;as. established by. v.'ar,io;as tests' on several' airplane 
types as to which direction the/pilot mainly looks while 
landing*. . Several airplane pilot s of various height s indi- 
cated, from. ..the pilot.' s. cockpit o.f. an "airplane, resting on 
tlac f^'r'ound, the., dir ect.i on in which, they .w.ere accustpmed to 
look vThile . landing. . The various,' directions were marked 
on the ground,, ani. subsequently me'asur.ed with an angle-', 
measuring instru^aent. -A .direction of viow with very little 
scat tering . wa3. thus, found, which had .a horizontal- angle of 
-20*^ and a ve.r tical . angle of -10^. This direction of view 
is also drawn in the charts of the' fields of vision of the. 
other airplane types, to show whether the visibility is 
adequa.te^ for landing. • 

Figure 34 compares the fields of vision of all of the 
tested airplane types, as. well as that of the automobile.. 
A true, surface representation was used, in order to com- 
pare the visibilities by areas, ' The cha-rts .of the fields 
of vi.sio.n correspond to the flight attitude of the air- 
pla.ne and to the position of rest of the pilot. 

In .comp.a.ri son with .the field of vision .of ..the automo- 
bile, the fields of vision of the airplanes show consider-, 
ably mor e* f r ee-vi sion areas, especially in' the upper cen- 
ter a.nd lower left. The downward view in the. center is . 
naturally better in the case of the automobile. The down- 
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warrd- .angle , required f or . vi siMli ty \7heu driving, an auto- 
mobilo on the ground, is not so groat, however, that it 
cannot be attained on an .airpiano. The view ia this direc- 
tion, is of very groat impor t«3jico , bspocially for forced 
landings and for long runs on; the 'ground. 

In Figures 25 to .28, representations of the visll3ili- 
ty are shown for special observation points. Thoy may be' 
derived in a simple mariner from the charts of the fields 
of vision. / Figures 25 , and 26' were drawn to illustrate tho 
vi sibil.i "^.y . while .flying. / '.They show the airplane, as soon* 
from aoovo,. .and indic^it e /now much .of the visibility re- 
quired for 'oridnt.atibn is present. An .altitude of 500 m 
(1640 ft.) above" t'he ground is assumed. Figure 25 shows 
the visibility from an Albatross^ L 75 airplane in one' case 
with tho pilot's head at rest, and in the other case with 
the ..movement of the pilot^s head to both sides to the 
fixed limit of 17. cm (5.7 in.). Tho different positions 
of the pilot a,re indic©.tpd by different hatchings. * Fig- 
ure 26 shows the visibility on ' the {^^rotind • f r em a junkers; 
F 13 airpla,no. for the pilot ^ s positions of rest and of " " 
landing, The airplane itsolf is likewise shown in the ' ' * 
flight .position as in . the above drawings. The '*al t i tude ' i s 
again assumed .to be 500,';m (1640 ft.). Conclusions ' with 
respect to the visibility' ratios" in the case of definite 
ranges of vision may be drawn on the" basis of these illus-* 
trations. If, for example, . the range of vi si on- amount s 
to only one or two kilometer s. on account of inclement 
weather, then only a small unobstructed area extending 
to the boundary circle will be found for both of the air- 
planes. . The pilot must therefore fly lower In such weath- 
er, so that he may have adequate possibilities of 'oirien- * 
tation at his disposal. . . 

Furthermore, diagrams of the lat'eral visibilit;2r ca.n 
be drawn, as shown in Figures 27 and 28. Here the verti- 
cal angles of vision are drawn for the same airplane typos 
with. a horizontal angle of -20^« ..This horizontal angle 
corresponds approximately to the main direction/of view 
while .flying .cross-:COunt.ry and while landing. The two po- 
sitions of tho. pilot are differentiated in the illustra- 
tions. 

These repros.e.nt.ations, derived from the actual pic- 
tures of tho fields :6f vision , naturally .show only cer- . 
tain par t s . of . the -.vi.sibili ty conditions, but contribute to 
their understanding.. / ' * 
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VII . Conclusions with Regard to the Minimum Vi.si'bility 

■ Requirements 

It is worth while , from' the- standpoint- 6f -""s 
travel,* to try t o' e sta"bli sh igeheral minimum requirement s 
of visibility for all airplanes, Thi s problem may "be 

• solved in^ two ways: ei tner by actual • measurements' and 
theii* comparison wi th- practical experience , or- on* the ba- 
sis of purely theoretical considerations; In the s^coiid 
case i requi'irement s may arise which undoubtedly are desir- 
able with respect tb safety^ but which can hardly-, or on- 
ly with 'great difficulty be fulfilled in the ^ present state 
of knowledge • The next practicable way- should according- 
ly be Bntered upon with the endekvbir- to • establi sh mutual 

' cri tbria from the '.result s . of measurement s on airplanes - 
whose visibility is recogiiized as sati sf act ory w It is' 
promised, however, that the number of airplanes thus far 
investigated is too small tb givie conclusive ' re suit s, . 
The utility of the indicated criteria must rather be dem- 
onstrated first by measurements of other types, 

With the setting up of the minimum requirements, the 
establishment of only certa-in parts in the chart of the 
field of vision can be treated, which parts must be vis- 
ion-free or at least partially so. The most important re- 
gion to be examined is in the vicinity of the point illus- 
trated- in section VI/ which considers the direction of 
view while landing. • It was required that, in the field.. 
of vision, a region in the vicinity of these points* should 
be entirely free from obstruction's. For the flight posi- 
tion of' the* airplane , a minimum angle of about -20^' down- 
ward, the zerb vertical axis on the right, -40^ on the 
left'i and* +lP'^ upwaird may be established as the limits. 
This range must be completely free- for the usual positions 
of the pilot (lateral movements o>f the head permitted)-. 

Tile minimum' fi eld of vision here proposed is indicat- 
ed by hatchings in the vi sibili ty' chart-s It should be 
noted that the field of 'vision is almost entirely free in 
the case ;of airplanes- having good visibility in practice. 
If windshiields lie. within this region,-, care must be tal&en 
to malce them of really tran spar-en t materi-"al' with narrow • 
frames. * The windshields should not' cov-er'^an angle of more 
than 4^ to 5^ in the field of vision. iBesides these re- 
quirements, a free 'zone' of at least 90? is' required ori - 
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the left side of the- field pfyi.si on* The upward and . 
downwa.rd limits, in par ticular 'Hay still "be made depend- 
ent on the purpose for which the airplane is to be used. 

If the .niininum r equifbment s,. ^ar e. .devolopod purely on 
logical considerations without giving heed to t.he results 
of the laeasuromont s , then they would certainly have to be 

,vory much greater ..t.han r eprc se'n-t qd above. I.t is,' of ; 
course, dosi.rablc, fron this viewpoint, for" no obstructions 
to '00 jolacod in the way of the pilot in the direction of 
flight; Ho should bo able to. see the whole path before 
him in flight, as also in landing and particularly, in 

.taxying. If one thinks, in this connection, of land vo- 
hiclos, 0 . g., automobile s., stroot cars, etc., the need of 
such a view along the path of travel is obvious. The fact 
that these requirements in tho'casd of the airplane have 
not yet become pressing, is to be at tributed mainly *. to the 
still small density of traffic in the air. The coiri sio.ns 

.which have already occurred, however, could have nearly: 
all been avoided with better visibility. 

. VIII. Conclusions with Respect to'" Judging 
the Excellence of' Visibility - 

A purely experimental evalviatioii of the visibility of 
the individual types can be undertaken on the basis of the 
illustrations shown. It ;i s possible , by comparison of the 
fields of vision, to make a more or less complete picture 
of the visibility conditions of an airplane and, with a 
little practice, to. arrive at a. worthwhile judgiaent in 
comparison with the others. It is nevertheless desira,ble 
not .to malce the measure of the excellence of visibility 
dependent on subjective estimates, but to establish nu- 
merics,!. va.lues ther$for. 

. ...Such a numerical value m-ay be obtained in a simple 
manner., if the free-vision, area on the' surf a-ce of the hemi- 

.sphere of yi si on i s. put in proportion to the total surface 
area, of the homisphere. The best value of excellence of 

.1.0 is. then obtained for completely unobstructed vision, 
and values smaller than 1.0 according to the size of the 
froe-vision eiroas, down to value of zero, in which case 
there is no visibility. This evaluation may bo very eas- 
ily-performed by planimot oring . the given areas in a true 
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surface, represe^i.tat ion., of . the^ field-, of .-visipn,; V;Ti^®::;series , 
according to the values 0.44, 0.15, and 0.22 was obtained 
in this manner, for the Junkers F 13, Dornier Merkur, and 
Al>atrpss L.;75,.. • ■ . • 

Such a judgment., however, -has the disadvantage that, 
the visibility areas lying in the direction of motion of 
th.e airplane,, which are of much greater .import.a,nce than 
those lying to . the . side or ahove, appear . of equal .imporr> 
tance with the latter ..in. the' .exGellence. of visibility. :::,A 
false picture of the excellence of the visibility, will .: 
therefore be obtained from such an evaluation. Hence an 
attempt was made to emphasize the more important parts of 
the field of vis.ion by corresponding, yaluations. 

The total areas of visibility represented in true sur- 
face proj.ect.lons .were/ divided, f rom, ^^^^ .f our 
circular or .'.'annular zones . . , (Pig.: 29 . ) . The .e.yaluation o:fr 
the individual zones -I to .IV, stands :in the r espect i.ye- .irar 
tios of 1:0.8:0-6:0.2. This relationship is shown in 
rigure, 29.; _ • _ r..^ j - • 

It follows that .visibility^ is most important in the.:'... 
direction ox", flight, and: tha:t it. loses in impo^t;ance^ in. 
all. directions, from the central;.! 1^^ : If the- sum- of:; the;.: 
unobstructed areas, which have previously been multiplied: 
by factors corresponding to the valuation ratios, is put 
in.; proportion ,t o the sum of. th^ . tp.tal;. ar eas of- the indi- 
vidual zones which; ha v,e.; lik^wis:e. been.: multiplied by these., 
factors , then a coefficient . of ^ .exaelleiice^ is pbtaine,d . th.^t 
again r eache s the value of.. 1 . 0* for ,ent iT.ely:, unpbs t ruct.ed:. 
vision. Excellence coefficients computed in this manner 
for the threp .g.ive^ type.s h.ave...the values: 0 .43 , O/.l?-, and 
0.20. These; values dif f er . very^ ^t tl^^^^ 
mined' firs,t. "..-.J. J . '.' . ; • -.J '" i. • 

. From^ th.^.. f ew exan^ies, . no final judgment can* be pro:^ 
nounced regarding- the poss ibility . of such, an evaluation, of 
visibility. Perhaps the visibility of an airplane cannot 
be fully expressed by a single coefficienty -Perhaps a 
better, picture can be obtained by. dividing., the field of 
visibility into, single z ones •; in certain • impprtant direcr 
tipns of view and- then . determining the coefficients of ex-^ 
cellence for these zones. This method has the. advantage . 
of separate values for the individual visibility require- 
ment s e . g with regard to .landingv : otientat ion» :.op the 
danger , of .collisions . : ; ; cr ■.. ■.i- :L\ 
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IXg. Suggestions for the further Investigation 

Further laeasuremont s should* "be raade on the greatest 
possible number of airplane types, in order to learn more 
about the general and particular requirements of visibility. 

The measurements by means of angle-measuring instru- 
ments may be superseded by improved photographic appara- 
tus and a considerable simplification of the task may be 
thus effected. 



X, The Host Important Results 

1. A process was developed, with. the help of which 
it is possible to determine, in a simple manner the visi- 
bility of an airplane from the pilot *s cockpit^ 

2m A suitably constructed angle-measuring instrument 
was used for determining the visibility. It was also 
found jDossible to measure the field of vision with an im- 
proved photographic camera. The latter method may be fur- 
ther improved and will then constitute a Very quick a.nd 
simple process. 

3. ITo one method for representing the results of the 
measv.rement s could be found which equally satisfied all 
the reqxiirement s. There is, rather, tjie choice between 
several me thods , acc ording to the purpose to be fulfilled. 

4. A unified main direction of view resulted from the 
comparison of the measurements on the different airplane 
types, which direction is of decisive importance for cross- 
country flying as well as for landing. Obstructions to the 
view in the neighborhood of this direction are very ob- 
jectionable in flight and especially in landing. 

5. A region roundabout this particularly important 
direction of view is proposed as the, minimum requirement 
for visibility, which region should be free from all ob-. 
structions on every airplane. . The limits are established 
by the angles. 

S, The proposal is made for an evaluation of visibil- 
ity of an airplane to express the visibility relations ac- 
cording to .the extent of the unobstructed or obstructed 
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areas and by different valuations of the visibility in 
different directions by a numerical coefficient. Its util- 
ity can be demonstrated, however, only after the investi- 
gation of more airplane types. 



XI . Summary 



A process for the measurement of the visibility of 
airplanes from the pilot ^s cockpit is developed in the 
foregoing work. The apparatus necessary for the moasuro- 
ments was suitably constructed and neasuromont s of the 
fields of vision were made with it. The V7i sibili t ios of 
six airplanes of different typos of construction and uso 
wore measured, as well as the vi sibility of an automobile 
for comparison. Various methods of representation for il- 
lustrating the fields of vision were examined with regard 
to their suitability for the foregoing purposes. The re- 
sults arc compared with those obtained in practice by 
moans of charts of the fields of vision. The attempt was 
made to establish .minimum visibility requirements and to 
express the oxcollonco of visibility by means of a numer- 
ical coefficient. 
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Pig. 7 "Square chart" of field 
of vision. 





Pig. 10 True- surface aziimithal 
equator projection. 
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Pig. 11 Orthogonal azimuthal polar 
projection. 



Pig. 9 Troe-surface diagram of 

field of vision. (Cylinder 
projection) 
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rig. 2 Angle indi- Fig. 3 Bearing- 
cator with tliread. angle indicator. 




Pig. 5 Field of vision of 

Jamfcers F 13 airplane. 




Fig. 4 Pin hole camera. 



Pigs. 12 -17 Airplanes whose fields 

of vision were determined. 



Pig. 12 Dornier-iucrr^cu . 




Pig. 14 Jxmkers W 33. 




Pig. 15 Heinkel HD 44. 




Fig. 16 J-onkers A 35. 
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70^ 60^ 50° 




-60'' -SO'' -40° -30° 



Fig, 6 Diagram for determining angular position of any 
point in Figure 5. 
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Pig. 18 Visibility charts of i'ig.iS Visibility charts of 

Domier "Merkur". Jiinkers F 13. 



a, At rest, h.In landing. The iaeh rectangle indicates direction of view of 
pilot in flight :^nd in landing. 




Fig. 20 Visibility charts of Fig. 21 Visibility chai'ts of 

Junkers W 33. Heinkel HD 44. 
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Figs. 22.23.24 
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night attitude Oround at^ivaae 
Fig, 22 Visihillty charts of 
Juiilcers A 20. 




Flight attitude Orotmd attitude 
Fig. 23 Visibility charts of 
Albatros L 75. 
a, At rest, h/^ith head tipped to 

either side. 
0>ln landing. 
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Fig. 24 Comparison of visibility charts. True srurface azimuthal 
equator projection. 
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FigB. 25,26,27,28,29 




10 Am / 

i*lg,.?5 Ground view from 
500 m(1640 ft.) altitude 
(AVbatros L 75). 



ikm9 



- Airplane In flight 
attitude, pilot at rest. 
Airplane in flight 
attitude, pilotc head 
tipped to both sides. 




10km 

Pig, 26 Ground view from 
500 m(1640 ft.) altitude 
(Junkers F IS) . 

Airplejie in flight 

attitude, pilot at rest. 

Airplane in flight 

attitude, pilot in 
landing position. 




?ig.28 Side view at a hori- 
2ontal angle of -20^, 
(Junkers F 13). 



Pilot at rest 
Pilot in landing. 




Fig. 27 Side view at a hori- 
zontal angle of -2C^, 
Ulbatros L 75). 



Pilot at rest 
Pilot in landing. 




Fig. 29 Division of field of view into 
zones^and diagram for comnuting degree 
of visibility. (True, area representation) 



